Abstract. We developed polynomial expressions for the temperature dependence of the mean binary and water activity coefficients for H2SO4 and HNO3 solutions. These activities were used in an equilibrium model to predict the composition of stratospheric aerosols under a wide range of environmental conditions. For typical concentrations of H20, H2SO4, HNO3, HCI, HBr, HF, and HOCI in the lower stratosphere, the aerosol composition is estimated as a function of the local temperature and the ambient relative humidity. For temperatures below 200 K, our results indicate that (1) HNO3 contributes a significant mass fraction to stratospheric aerosols, and (2) HCI solubility is considerably affected by HNO3 dissolution into sulfate aerosols. We also show that, in volcanically disturbed periods, changes in stratospheric aerosol composition can significantly alter the microphysics that leads to the formation of polar stratospheric clouds. The effects caused by HNO3 dissolution on the physical and chemical properties of stratospheric aerosols are discussed.
water) concentrations of H + and A-ions in solution, T• is
the mean activity coefficient of the electrolyte HA in solution, P• is the gas pressure and K s is the overall gas solubility constant (mole2/kilogram2-atm). The mean activity coefficient can be determined from thermodynamic models of electrolyte solutions, described below [Pitzer, 1991] . From (2), the solubility, S, of HA in a binary solution can be 
where AH ø (calorie/mole) and AC• (calorie/Kelvin-mole) axe the enthalpy and the heat capacity changes, respectively, for the process described in (1) at the standard temperature (T ø = 298.15 K). Table 1 lists the appropriate parameters for the electrolyte solutions studied in this work. Ks2 and Ks• are the overall gas solubility constants at temperatures T and T ø, respectively.
The mean activity coefficient, T_+, in equation (2) 
where the parameters B*, fi, C, D, E and F axe determined experimentally for each electrolyte HA (Hammer and Wu, 1972) , and m is the molality of HA in solution. These parameters are given in Table 2 for several electrolytes studied here.
where •'C.
• is the apparent molal heat capacity at infinite dilution.
We used the Handbook of Chemistry and Physics data [Lide, 1990] to express the apparent molal quantities (*L and *Cr)
as polynomial functions of molality for each electrolyte HA (Tables 3 and 4) . We use these polynomial functions along with temperature variations of the overall gas solubility constant (Ks), and equations (2) through (7) to extrapolate room temperature solubilities (3) to low temperatures (< 220 K), typical of the stratosphere. For a pure binary 1-1 electrolyte system at standard temperature, the water (aw) activity is related to the osmotic coefficient, •, by [Pitzer, 1991] ln aw (T ø 
For atmospheric applications, the water activity is equal to the ambient relative humidity, which is def'med as the ratio of water vapor partial pressure to the water vapor saturation pressure. Thus for a constant water vapor pressure profile, the temperature variation of water activity over a binary solution can be calculated if the saturation vapor pressure of water is known. For temperatures below 250 K, the saturation vapor pressure of water in units of tort is given as [Clegg and Brimblecombe, 1990] Hanson [1990] . We used (2) through (7) to calculate the vapor pressure of HNO3 over HNO3/H20 solutions for a known composition (S). For computations, the F 2 function for HNO3/H20 system is given by [Clegg and Brimblecombe, 1990] F 2 =0.4236xt(x t -2)-O.08484xt2'S(5xt -7) To calculate the equilibrium H20 vapor pressure, we solved the water activity equation for a known solution composition and temperature from (8). The equilibrium water vapor pressure over the binary system was obtained by multiplying the computed water activity by the water saturation vapor pressure from (11). For computations, the F• function for HNO•I-I20 system was [Clegg and Brimblecombe, 1990] where rn•, is the molality for a pure HNOz/H20 system, and N variables are temperature coefficients, given in Table 6 . In addition, we also solved (2), (15) and ( 
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aco -6.3192805354e+ 1 9.1254642395e-1 -5.0869838292e-3 1.286440227 le-5 -1.2449266080e-8 aco -4.3827430062e+0 7.1340939436e-2 -4.0096139965e-4 1.0068383723e-6 -9.7038895012e-10 a•2 1.1661208715e+0 -1.6494974438e-2 9.0259619393e-5 -2.2549127848e-7 2.1670048131e-10 a½3 -2.0032668080e-2 2.6583489579e-4 -1.4088333815e-6 3.4600826715e-9 -3.2984375353e-12 Tables 1 through 4 (19)). Unfortunately, the activity parameters for the HBrfrt20 system are invalid under stratospheric conditions. We made a few comparisons between the HC1 and HBr system over the range where the HBr parameters are valid. First, comparing the overall solubility constant of HBr and HC1 at room temperature (K s of HBr ~ 1000 x K s of HC1) to that at 200 K (K s of HBr ~ 10000 x K s of HC1) shows that HBr's solubility increases more rapidly with a temperature decrease than HCI's does. Second, the mean activity coefficient of HBr and HC1 in solution appear to differ by at most a factor of 10, for an electrolyte molality of about 10. Therefore the mean activity of HBr can be estimated roughly from the mean activity of HC1 for cases where the activity parameters of HBr are not valid. Here we made a few assumptions to calculate the HBr mean activity (using the HC1 mean activity coefficient times a constant), in order to estimate the solubility of HBr in H2SO4 solutions, described below.
H•_SOn/H•_O System
HzSOn in water is a multicomponent electrolyte system in itself. Thus the binary strong electrolyte model discussed 
Multicomponent Strong Electrolyte Systems
In principal, the activity coefficient for each electrolyte in a multicomponent system depends on the concentration of all the other species in solution. Thus for a mixed system the equilibrium relation for each binary component from (2) Bassett and Seinfeld [1983] showed that the empirical mixing rule of Kusik and Meissner (1978) To calculate the equilibrium composition for a multicomponent aqueous system, we solved the following equations simultaneously: (1) the solubility of each electrolyte from (23), (2) the mixed activity coefficients evaluated at I for each electrolyte from (24), (3) the ionic strength from (25), and (4) the water equation at a given humidity from (26). To solve the equations, we used a numerical method described by M. Z. Jacobson et al. (submitted manuscript). This method conserves mass and charge, requires iteration but always converges. The advantage of this method, compared to one using a NewtonRaphson technique, is that it always converges and does not require a first guess.
H:SO•/HNOa/H:O System
For this system, we used the ternary equilibrium vapor pressure measurements for HNO3 over H2SOdHNOa/H20 solutions [Zhang et al., 1993b] , and the mixed electrolyte model (equation (24) 
H2SO4/HCI/H20 System
HCI solubility in sulfuric acid solutions has been recently measured by Zhang et al. [1993a] . They determined the equilibrium vapor pressure for HCI over ternary solutions of H2SO4/HC1/H20. As indicated above, the pure mean binary activity coefficient for HC1 (7,•,•) is valid up to only 16 molal (Table 2 ). Thus we used the same procedure as described above to estimate the 7,•t for molalities > 16. Using equations (20) and (23) 
H2SO4 weight percents > 60 and temperatures > 220 K, HBr is at least 100 times more soluble than is HC1 (L. R. Williams, private communication, 1994). Therefore it is reasonable to
'assume that HBr is significantly more soluble in stratospheric aerosols than is HCI.
We have made a few assumptions about the mean pure binary activity of HBr in order to estimate its solubility in HzSO4 solutions. As stated above, current HBr binary activity data are not valid for stratospheric applications. However, by comparing the mean binary activity (equation ( 
Weak Univalent Acids in Aqueous Solutions
For weak acids in aqueous solutions, the strong electrolyte model is not applicable because there is a considerable amount 
TABAZADEH ET AL.: STRATOSPHERIC AEROSOL MODEL
The effective Henry's law constant can now be calculated from (36). However, we could not find any data on the heat of formation for the OC1-ion in the aqueous phase. Thus we were unable to estimate the temperature dependence for the dissociation constant. Therefore the effective Henry's law constant for HOC1 can not be estimated at other temperatures.
Using the same arguments as above, we predict that in highly acidic solutions, the dissociation of HOC1 has no impact on its solubility, and HOC1 solubility can be estimated from ( 
Stratospheric Implications and Volcanic Effects
As shown above, the composition of stratospheric aerosols is very sensitive to the relative humidity. However, equilibrium compositions also vary as a function of the total amount of HNO 3 and H2SO 4 present per unit volume of air. To study the impact of all variables involved, we calculated variations in the aerosol composition as a function of temperature for five different cases (Table 10) The solubility of HC1 in stratospheric aerosols is illustrated in Figure 12 for the cases mentioned above (Table 10) The scavenging efficiency of HBr by stratospheric aerosols can be approximated from (34) and (42a). We emphasize that the accuracy of (34) must be validated against laboratory observations. Assuming X• ~ 5 x l0 s / cm 3 for the HBr gas phase concentration, the HBr gas column can be depleted by about 100 % at ~192.5 K (ice frost point) for cases I, 11, IV and V. For case 111 similar depletions are calculated at ~ 189 K.
The total mas of HBr in the stratosphere is about :5 x 10 •s Ilg / m a of air, which is roughly 70 times smaller than the background H2SO4 mass (Table 10) 
Conclusions
In this paper we presented the first thorough study on the composition of stratospheric aerosols. Our results show that, for temperatures below 200 K, HNO3 is a major component of stratospheric aerosols. Here we discussed some of the effects caused by HNO3 dissolution on the physical and chemical properties of stratospheric aerosols. For instance, after large volcanic eruptions, such as Pinatubo, the composition of stratospheric aerosols could be different from background compositions. We predicted that these solutions do not freeze until at least the ice frost point is reached, and they may significantly scavenge HNO3 and HCl from the gas phase. Further, in volcanically disturbed periods, different types of PSC particles (ternary solutions of H•_SO,•/HNOs/H•_O) may exist. The chemistry occurring in these droplets may be quite different from the heterogeneous chemistry occurring on NAT surfaces. Currenfiy, we are developing a model to describe the mechanism at which chlorine-and nitrogen-containing compounds react on both the surfaces and in the bulk of stratospheric aerosols. Previously, we constructed a surfacechemistry model to investigate the mechanism at which NAT and ice particles activated chlorine compounds [Tabazadeh and Turco, 1993] . These models are essential to aid our understanding, on the microscopic level, about the nature of physical-chemical processes responsible for the changes in the stratospheric composition and ozone abundance.
